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THE SLOW REGISTRATION OF RAPID
PHENOMENA BY STROBOGRAPHIC METHODS.

THE " ONDOGRAPHE " AND THE " PUISSANCEGRAPHE "
(WAVE-RECORDER AND POWER-RECORDER).

By E. HOSPITALIER, Foreign Member.

As one of the oldest of the French Members of the Institution of
Electrical Engineers, and as one who has always followed its proceed-
ings with the greatest interest, the author regards it as a great honour to
be permitted to place before the Institution an apparatus for which he
begs the indulgence and consideration of his audience, if, by reason of
its industrial and practical character, it should appear to them at all out
of keeping with the scientific character of the subjects which are
commonly dealt with at their meetings.

The object of the " Ondographe," and of other instruments derived
from it, is to register within a reasonably long period of time (of the
order of from fifteen to sixty seconds) a periodic phenomenon of so
rapid a nature that the period may be as short as one thousandth of a
second, or even less. Before entering, however, upon the description
of the apparatus, it will be necessary to refer to certain general con-
siderations.

The observation of a rapidly variable phenomenon may be effected
with the aid of apparatus based upon two very different principles, viz. :
Direct Observation and Indirect Observation.

Direct Observation.—The apparatus to be used for observation or
registration should be capable of following the phenomenon instan-
taneously and without affecting it in any way. This result may be
attained by either of two methods. That most commonly employed
consists in designing the instrument so that it has a small moment of
inertia, a very short natural period of oscillation, compared with that
of the phenomenon to be recorded, and a degree of damping as nearly
as possible critical; that is to say, it is so damped that the apparatus,
when disturbed from its position of equilibrium, tends to return to that
position in the shortest possible time and without over-shooting.

The second method, which is at present represented only by Mr.
Abraham's Rheograph used in studying the characteristics of variable
currents, involves the use of an observing instrument in which the
moment of inertia is high and the natural period of oscillation is much
greater than that of the phenomenon to be observed. Under these
conditions the instrument would indicate something different from the
phenomenon which it is wished to observe. However, it is not
submitted to the action of the phenomenon itself, but to that of one
more complex, which has been previously regulated in such a way that
the disturbing effects due to inertia and to damping of the oscillating
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system are compensated. In this way the same result is obtained as
with an instrument without inertia; but these compensations at present
only appear to be possible for the observation and measurement of
electric currents.

Indirect Observation.—Indirect observation, based upon stroboscopic
principles, is effected by reproducing the phenomenon with a much
longer period, obtaining the record of the whole of its phases by taking
them successively from a large number of periods. The period of
oscillation peculiar to the apparatus may in this case be very long as
compared with that of the phenomenon observed, provided that the
duration of the total number of periods from which the different phases
are collected is itself very great relatively to that of the oscillation
peculiar to the recording instrument.

i.—DIRECT METHODS.

In order that a recording apparatus may follow a given phenomenon
with precision, it must satisfy the following conditions :—

(i) The period of oscillation must be very short as compared with
that of the phenomenon to be studied ; (2) The damping must be
approximately aperiodic ; (3) Disturbing causes due to the apparatus
must be as small as possible ; and (4) it must be sufficiently sensitive.

The first condition is realised in practice when the period of oscilla-
tion peculiar to the system of the measuring instrument is about fifty
times as short as that of the phenomenon to be observed. This
condition is readily satisfied when the frequency of the phenomenon
under examination does not exceed from 6 to 8 per second. Beyond
500 periods per minute, the disturbance caused by the inertia of the
moving parts, and the excessive or insufficient damping, render the
indications illusory, unless special arrangements are made. The
theoretical study of the conditions to be fulfilled has led to the develop-
ment of instruments, such as the Oscillograph of M. Blondel and that
of Mr. Duddell, which the members of the Institution have had the
opportunity of seeing in this room.

2.—STROBOSCOPIC OR INDIRECT METHODS.

Notwithstanding the elegance of the direct methods, and the results
which have already been attained with instruments based upon
them, the author is of opinion that the industrial future is reserved
to the indirect methods, which have.a wider field of application, and
which permit of the direct recording of the phenomenon to be studied
upon a strip of paper, in a way that is not possible with the direct
methods, in which recourse is always had to photography.

In order to understand the principles of the Stroboscope as applied
to the observation and recording of periodic and rapidly varying
phenomena, the most simple of all the periodic movements may be
considered, namely, that of uniform rotation. At the end of every
revolution, the rotating system attains the same relative position that is
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occupied one complete turn earlier. Suppose: now that the system is
illuminated for a very brief instant once in each revolution at the
moment at which it passes a certain position, which is regarded as the
initial position. The rotating system will then appear at rest. If, now,
the periodic illumination be slightly retarded, so that the successive
flashes follow one another at an interval of time a little longer than the
period of the revolution itself, the system will be illuminated in its various
phases in turn, and will appear to revolve slowly in the sense of its
actual rotation. If, on the contrary, the flashes follow at shorter
intervals, the system will appear to be turning in a sense inverse to that
of its real rotation, since at every revolution it will be illuminated an
instant before it attains the same position as on the preceding revolu-
tion. In this way the apparent velocity of rotation will have been
reduced in a proportion which depends only on the acceleration or the
retardation of the successive illuminations of the system.

The simplest means of obtaining these successive Hashes consists in
using a disc pierced with a slit as a shutter in front of a projector. The
same result may be obtained by means of the sparks caused by inter-
rupting the current through an inductance, or with alternate-current
arcs, etc., but the sharpest effects are obtained with the revolving
stroboscopic disc.

In order to obtain a variable difference in the periods or slip, it is
possible to use an electric motor of which the speed is capable of
variation—or a synchronous motor if the system is driven by a
synchronous machine—which determines the measure of the slip, or a
train of wheels as in the ondograph, or (the most rational of all) a
differential gearing of which one of the axes is controlled by the
system to be studied, whilst the other actuates the stroboscopic disc,
and the crown containing the intermediate wheels between them
receives from an outside source a more or less rapid movement of
rotation which defines the slip. This disposition offers the great
advantage of allowing the phenomenon to be apparently stopped in
any specially interesting position.

The stroboscopic method is the basis of a large number of instru-
ments which may be classed in two groups :—

A. Slroboscopcs, or apparatus used for observations.
B. SirobograpJis, or recording apparatus.

It is proposed to limit this paper to the study of instruments of
which the applications are directly or indirectly connected with
electricity.

A.—STROBOSCOPES.

Stroboscopes, of which the number is infinite, do not, properly
speaking, constitute apparatus, but rather experimental arrangements
which are susceptible of modification depending upon the material at the
disposal of the observer, and upon the research that he has in view. By
way of example, reference will be made to those which the author has
used for the examination of alternate-current arcs and of machinery in
motion.
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The Arcoscope.—A very simple experimental arrangement has been
designated by this name (which is at once French and Greek), an
arrangement intended to facilitate the examination of the variation in
the luminosity of an alternate-current arc during a single period,—
variations which it is impossible to observe directly because of their great
frequency. It consists, in principle, of a small asynchronous single-phase,
alternate-current motor, having on its axis an opaque disc provided
with narrow slits placed at regular intervals, the number of the slits
being equal to the number of pairs of poles of the motor. Thus, for a
motor with four poles, the disc would have two slits, placed one at
end of the same diameter. This motor is driven by alternate current
taken from the same source as that traversing the arc under
examination.

This disc, which is rotated by the motor at quasi-asynchronism, is
placed in the path of the luminous rays emitted by the arc, which
latter is projected by a lens upon a screen. The image of the arc is
thus allowed to fall on the screen for one instant during each period,
and in consequence of the slight slip of the motor when running light,
the phenomena of the arc may be observed during a complete period,
and this period may thus be prolonged to as much as from 10 to 15
seconds. By applying a braking action to the motor the slip is
increased, and the apparent duration of the oscillation of the light of
the arc is reduced. It is possible to observe the arc directly through
the slits in the disc, but the result is less clear than when a projection
is used and the image of the arc is magnified. If the same disc be
made to carry a series of sectors, alternately white and black, the
number of each kind being equal to that of the poles of the motor, and
if it be illuminated by an arc- or incandescent-lamp served by the same
current as is the motor, the slip of the motor may be observed and
directly measured, by observing and measuring the apparent inverse
rotation of the disc mounted on its shaft.

In this way it is in some degree possible to analyse the light of the
arc and to judge the influence of the form of the current-curves, of the
nature and quality of the carbons, of the frequency, the conditions of
regulation, etc.

It is also practicable to cinematograph the phenomenon in order to
be able to study it at leisure. This can be done by controlling the cine-
matograph by means of an asynchronous motor and photographing
the arc, either directly, or after projecting it upon a screen.

Siroboscopic Transmission Dynamometer. — If a driving-shaft A
actuates a working-shaft B, through the medium of a spring-coupling
between the two shafts, the product of the torsional couple or torque
transmitted by this spring, multiplied by the angular velocity, is,equal
to the power transmitted by the shaft A to the shaft B. A large number
of arrangements have been devised to determine this torque, which
generally shows itself in practice by a relative angular displacement of
the two shafts proportional to the torque. A simple means of reading
this consists in mounting a disc on each of the shafts, and in placing
the rims of the two discs close together and marking on them gradua-
tions proportional to the couple exerted in each of -the relative positions
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of the discs. When the system is in motion, the relative displacement
of the two shafts can be read off on the graduations, just as if the
discs were stationary, by illuminating the system once in each revolu-
tion at the same instant in each period. For this purpose the strobo-
scopic eyeglass can be used with advantage.

Siroboscopic Eyeglass.—A small electric motor, driven by two
accumulators, actuates a disc pierced with radial slits. The system in
rotation is viewed through these slits with one eye, the other remaining
closed. With the aid of a rheostat the disc may be caused to revolve
at various speeds, so regulated that the system, illuminated permanently
from an external source of light, appears to be either stationary or
revolving very slowly. The stroboscopic eyeglass, so arranged, when
brought to synchronous speed, permits the graduation of the above-
described dynamometer to be observed and read with ease. If it
revolves with a certain amount of retardation, it allows of the observa-
tion of rapid phenomena as readily as if they were produced at a slow
speed which can be regulated at will.

All the phases of an explosion engine may, for example, be thus
observed : The lifting of the valves, the contact and the ensuing vibra-
tion of the ignition cam, the formation of the stitch in a sewing
machine, the starting of a part having an independent movement, etc.

Differential Stroboscope.—For the study of thermal engines, MM.
Malicet and Blin have constructed for the author a special differential
stroboscope in which the motor is illuminated only once in every two
revolutions. This result is obtained by providing the stroboscopic
disc with only one slit and mounting the disc on the crown of the
differential gearing. One of the shafts of the gearing is connected by
a flexible shaft to the motor engine under examination, and the other
shaft, in order to produce the stroboscopic effect, may be rotated
slowly by means of an endless screw controlled by a small handle
turned by hand. The apparent velocity of rotation of the engine is
varied by turning the handle more or less rapidly. On stopping the
handle the apparent movement is also arrested.

Examples could easily be multiplied, but those which have been
given suffice to show the important part that can be played by strobo-
scopic methods—confined, so far, to the laboratory of the physicist—in
taking their places in the test-rooms of the great mechanical and
electrical industries.

B.—STROBOGKAPHS.

Ondograph.—The ondograph belongs to the class of strobographs.
The latter name is applied to all forms of apparatus employed
to record phenomena (whether rapidly or slowly variable), if they
utilise the principle of the stroboscope or of successive phases. The
strobographs are the result of an evolution of which M. Joubert's
" point-method " constitutes the origin and the ondograph the latest
development.

The object of the ondograph is to inscribe or to register directly
upon a band of paper, by means of ink, the representative curves ot
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periodically and rapidly variable electrical phenomena (electro-motive
forces, currents, differences of potential, power, etc.). In principle it
is based upon a combination of Jouberfs method of successive points,
stroboscopic methods, and electrical recording apparatus.

Figure i shows the general arrangement of the actual apparatus as
made by the Compagnie pour la Fabrication des Compleyrs et Materiel
a"mines a Gaz> It comprises as essential parts :—

1. A synchronous single-phase alternate-current motor actuated
directly by the source of electrical energy of which the periodi-
cally variable elements are to be recorded.

2. A train of gearing of which the object is to impart to a revolving
contact maker or commutator such an angular velocity that when the
motor has made a certain number of revolutions, the commutator will
have made an equal number (or a multiple), increased or diminished
by i. This retardation or acceleration, which is essential to the
system, obviates the necessity of rotating the brushes of the motor.

3. A contact-maker or automatic commutator, consisting of a
cylindrical block of insulating material Carrying a tube of brass

suitably cut to shape, with three
brushes resting upon it. The ob-
ject of this device is to put a con-
denser successively in connection
with : (a) two points in the circuit
in which the variable periodic
phenomena to be recorded take
place ; (b) a measuring apparatus.
During the first operation the con-
denser becomes charged, and is
discharged through the measuring
apparatus in the second. For the
power-curve the contact-maker is
reduced to a simple conducting bar

^It;- 2- which, once in each revolution and
by means of two brushes, closes

the circuit through the line-wire bobbin of the recording apparatus.
Fig. 2 shows the connections of the apparatus in the case in which a
condenser is used.

4. A Condenser, of which the capacity may be either constant or
regulated at will by means of plugs, in order to regulate the sensitive-
ness of the apparatus.

5. A Recording Measuring Apparatus—suitable to the phenomenon
to be examined. For differences of potential and currents, the recorder
is a moving-coil instrument of the Meylan type, mounted horizontally.

For power-curves, the recorder is an ordinary wattmeter ; the
main current passes continuously through the fixed primary bobbin,
whilst the movable fine-wire bobbin is placed in the circuit which is
periodically connected by the rotating contact-maker to the difference
of potential which determines the second factor of the power. Regu-
lation is effected by introducing resistances into the fine-wire circuit
(see below, under Power-Recorder).





FIG. 4.—Case containing the Accessories of the Ondograph.
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The direct method may also be applied equally well to the registra-
tion of differences of potential or currents, and, in this case the use of
the condenser is dispensed with. The condenser, however, offers
distinct practical advantages in regard both to regulation and
sensitiveness.

So also the wattmeter may be used for recording the curves of
potential-differences, if a constant current from a battery of accumula-
tors is passed through its fixed coils.

In all the above cases, the moving part of the recording apparatus
receives a series of impulses the frequency of which is equal to that of
the current to be registered. The moving-coil has a moment of inertia
and damping so calculated that its position at any moment is that
which it would be caused to take by the action of the mean current
corresponding to the quantity of electricity passing through it during a
single period.

6. A Recorder, either cylindrical or continuous, driven at a con-
venient speed directly by the synchronous motor. The record is
traced by means of a pen.

The four-pole synchronous motor runs with a potential-difference of
no volts at frequencies ranging from 25 to 100 periods per second. The
motor is started up by means of hand gearing, and, when synchronised,
is thrown into circuit. The precise moment at which the current
should be switched on is determined by the stroboscopic effect of
the apparent stoppage of a disc revolving with the motor and carrying
a suitable number of black and white sectors painted alternately. After
the motor has been started, the hand gearing is disengaged automati-
cally by an arrangement similar to that adopted for use in auto-
mobiles.

The motor actuates the commutator by a train of gearing so com-

bined that when the motor has made - revolutions, corresponding to

11 periods, the commutator will have made only revolutions, with

a regular and uniform retardation.
The recording cylinder makes one complete revohftion for every

three periods. Each of the three curves registered corresponds to 1,000
periods and 999 impulses. One complete period takes up a length of
96 mm. on the cylinder. The amplitude may be made to vary, at will,
between 10 and 50 mm., by altering the potential difference and the
capacity.

The ondograph allows the frequency of an alternating current to be
determined with accuracy. To effect this it is only necessary to deter-
mine by means of a chronometer the time occupied by the recording
cylinder in making one complete revolution. As this time corre-
sponds to 3,000 periods, this number divided by the duration of one
complete revolution in seconds gives the frequency in periods per
second.

Fig. 3 is a plan of an ondograph, drawn to a scale of one-fifth,
showing the arrangement of the apparatus. Fig. 4 shows on a one-
third scale the case containing the accessories, viz., long pointer, stand,

VOL. 33. 6
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handle, red and black ink, oil, alcohol for cleaning the pen, spare pen,
paper, etc.

In most recording instruments in which direct tracing is effected, it
is necessary to reduce the length of the pointer that carries the pen in
order that the friction of the pen on the paper may not sensibly falsify
the record. The use of a short pointer in the ordinary way, necessitated

CryVM

nil '

F

FIG. 3.—Plan of the Ondograph.

by the smallness of the directing force and the friction of the pen,
gives rise to several inconveniences :

(1) The curvilinear ordinates have a relatively short radius of curva-
ture, and the curve recorded therefore is subject to a deformation that
is often troublesome;

(2) The curvilinear trajectory of the pen prevents it from accurately
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touching with equal accuracy at every point of the recording cylinder,
of which, if the radius were infinite, it should describe a generatrix.
Under these conditions a pen correctly regulated only records by
points in certain positions, presses strongly upon the paper in other
positions, and again, does not rest upon the paper at all in positions
corresponding to the longest ordinates.

(3) The arm carrying the pen should be both rigid to enable its
direction to be controlled well, and flexible to facilitate its record; it is
difficult to combine these two opposite qualities in the same mechanism.

In order, in a large measure, to reduce these difficulties, the author
has adopted an arrangement which consists in principle in the separa-
tion of the mechanisms for guiding the operator and for recording,
without impairing their capability of joint action; and in obtaining,
with a guiding system of short radius, a record in which the radius of
the ordinates is so great that the record approaches sensibly to that
which would be afforded by a registering pointer of which the pen
would describe an arc of a circle having an infinite radius.

The recording apparatus comprises two distinct parts : the directing
arm and the recording pen. The former is a rigid lever attached to the
measuring apparatus, with the extremity the more remote from the
axis of rotation terminating in a pin which works in a groove provided
upon the lever carrying the pen. This pin, during the recording pro-
cess, describes the path that would be taken by the pen of an ordinary
recording instrument during the rotation of the cylinder carrying the
paper.

The recording pen consists of a lever of great length, so arranged
that one of its extremities turns upon an axis parallel to that of the
recording instrument, but removed from it by a distance approximately
equal to the difference in the lengths of the two levers. The other
extremity is provided with a groove engaging with the pin of the
directing arm, and carries the recording pen at a point a little beyond
the groove. In the actual ondograph, the directing arm is 18 cm. long,
whilst the lever carrying the pen is double this length, namely, 36 cm.

It will be understood from this that whilst the pin describes an arc
of a circle with a short radius, the pen describes one of long radius.
By giving sufficient length to the lever the arc may, within the limits of
the width of the cylinder, coincide sensibly with the tangent at the
middle point of the arc. Thus, the point of contact of the pen with
the paper is but very slightly removed from a generatrix of the cylinder,
and the registration is effected with perfect regularity throughout the
whole extent of the cylinder. The pen and its lever can therefore be
proportioned so as to satisfy all the necessary conditions as to flexibility
and regulation of the recording mechanism, and of this part of the
apparatus only, since the pen is directed by another mechanism to
which in turn it is easy to impart all the rigidity necessary to fulfil this
function satisfactorily.

The lever is attached at its point of support by a Cardan joint which
allows the pen to move freely and to exert upon the paper a constant
pressure regulated by its own weight, in part counterbalanced by a
screw-counterpoise movable at will.% The vertical axis allows for the
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movement caused by the directing arm, whilst the horizontal axis
permits the slight vertical displacement resulting from that of the pen
moving over the recording cylinder. The curve is thus inscribed
almost exactly on the generatrix of the cylinder, and the pen, which
acts independently and is easily regulated, is not liable to fail in its
record.

The ondograph may also be used to study rectified or continuous
currents. To accomplish this the synchronous motor is replaced by a
direct drive, effected by establishing an unyielding mechanical coupling
between the ondograph and the shaft of the machine to be studied.
The apparatus has been designed with a view to facilitating and expe-
diting the work of removing or replacing the motor ; the motor having
been removed, a flexible shaft is placed in position with one of its ends
attached to the ondograph, and the other upon the machine under
examination.

Non-Periodic Phenomena.—The application of the ondograph, or
speaking more generally, of stroboscopic methods, is not limited to
periodic phenomena. It can be extended to all phenomena of short
duration, provided that the phenomenon can be reproduced identically
in such a manner that it is periodic by repetition. By way of example,
reference may be made to the curve of discharge of a condenser
through a self-induction, a discharge which is of an oscillatory cha-
racter. The duration of each semi-oscillation is about f̂oyth of a second.
By means of the differential-movement ondograph, permitting the
retardation at will of the period recorded, it is easy to register
phenomena occupying from ^ W h to 5555th of a second, obtaining
the record by means of a pen upon a strip of paper—a result which has
never hitherto been obtained.

Differential Ondograph.—In the apparatus which the author has just
described, the slip or retardation which allows of the registration of the
curve bears a fixed relation to the frequency of the phenomena to be
recorded. It is characterised by the number 1000 in all the apparatus
made by the Compagnie pour la Fabrication des Compieurs. That is to
say, when the frequency is 25 per second, the record is effected in 40
seconds (25 x 40 = 1000); when the frequency is 50 per second, the
record requires 20 seconds (50 x 20 = 1000), and so on. The recording
cylinder, of which the circumference is 288 mm., corresponds to three
periods, each occupying 96 mm. along the axis of time.

In a new type which is styled the Differential Ondograph, in order
to indicate the principle upon which it is based, the period of registra-
tion is no longer connected directly with the frequency. On the
contrary, it is entirely independent, and further, the drum registers
only two periods, so that each of them is 144 mm. long. This
increase of the axis of time facilitates the determination of the phase-
difference between the different curves representing the characteristic
factors of the phenomenon recorded.

The apparatus still consists of a synchronous motor and a com-
mutator, arranged coaxially, and between them is a differential gear,
the crown of which is rotated around the axis common to the motor
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and commutator by means of an endless screw, turned more or less
rapidly by hand. The shaft carrying this endless screw is also pro-
vided with a second endless screw, which rotates the recording
cylinder with an equal angular velocity.

Under these conditions, remembering the well-known properties of
the differential gearing, it will be understood that if the crown is
stationary the motor will drive the commutator at synchronism. If
the crown be subjected to a displacement in either direction, the
commutator will be accelerated or retarded accordingly in proportion
to the amount of this displacement. The apparatus is so arranged that
the direction of rotation suitable to recording upon the drum produces
retardation. This retardation will correspond to one complete revolu-
tion of the commutator, that is, to one period, for each half-revolution
of the crown and each half-turn of the recording-drum. By the time
that the crown of the differential gear has completed one revolution the
commutator will have suffered a retardation equal to two revolutions,
and the recording cylinder will have made one turn, and in doing so
will have recorded two periods. As the slip of the contact and the
retardation of the drum are controlled by hand, the record of a single
period may be produced as slowly as may be required without being
correlated with the frequency of the phenomenon under examina-
tion. I

It is possible to dispense with hand control by employing either an
auxiliary motor driven electrically, or by means of a spring, or by using
direct control by means of gearing, or a series of stepped pulleys by
which different speeds may be obtained by the shifting of a cord which
passes over two of the corresponding pulleys.

This type of ondograph does not in the author's view lend itself for
industrial use, but is rather an instrument for use in the laboratory or
for research. The author has employed it in studying commutation in
continuous-current dynamos, in such a way that he could follow the
smallest variations—variations for which the period traced with 999
points for 1000 periods did not afford a sufficient approximation.

Puissancegraphe (Power-Recorder).—The author has applied thu
principle of the ondograph in designing the apparatus, which is intended
to trace direct the curve of the instantaneous value of the power
expended in a circuit, and to which he has given the name of the
Puissancegraphe.

In order to trace the curve of the instantaneous power supplied in
any circuit by-means of the ondograph, a Thomson meter used as a
wattmeter is substituted for the moving-coil galvanometer. The
spindle of the meter is controlled by two special springs which act as
conductors through which the current flows in and out of the movable
armature, thus avoiding the use of brushes.

The main current traverses the fixed coils, and the movable fine-
wire coil is connected by means of the commutator and the brushes
as a shunt to the potential-difference determining the power to be
measured, for a very brief interval, once during each period. For this
purpose the rotating commutator consists of an ebonite cylinder in
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which is embedded along a generatrix a plain strip of brass of suitable
width.

The duration of contact is governed by the width of the strip. It
may be modified at will by shifting the points of contact of the two
brushes with the strip. The regulation of the period of contact allows
of a change in the sensitiveness of the apparatus, an effect which may
also be obtained by introducing a variable resistance into the fine-wire
circuit of the wattme'ter. The coil, under the influence of the successive
impulses which it receives from the intermittent currents passing
through it and from the main alternating current, is deflected from
its position of equilibrium through an angle, proportionate to the power
at each instant of the period determined by the position of the com-
mutator; either directly or indirectly the coil guides the pen of the
recorder.

This proportionality results from the fact that the angle described
by the moving-coil around its position of equilibrium never exceeds
from io° to 12° on either side of zero. Under these conditions the
drum-wound armature of the wattmeter may be considered as having
suffered no practical displacement as far as electro-dynamic forces
are concerned.

The aluminium damping disc of the meter serves to give to the
system the inertia and damping necessary to the normal working of the
apparatus. This normal working corresponds on the one hand to the
critical damping, and on the other hand to the time of oscillation of the
armature, being comprised between the periodic time of the phenomenon
to be recorded and the time occupied in recording a complete period.

The"puissancegraphc" has enabled the author to obtain on the same
sheet of paper curves showing the instantaneous values of the potential-
difference, and the current, and also their product—the instantaneous
power—in an alternating circuit. This was accomplished as follows :
It has been shown that the " puissancegraphe" traces out the instan-
taneous power, by joining (for a very short time during each period) the
potential-difference to the moving-coil of a wattmeter the fixed coil of
which is traversed by the alternating current." The impulse is propor-
tional to the product, v i, of the difference of potential at that instant (v),
multiplied by the instantaneous value current (*'), and the instrument
traces the curve of instantaneous power. In order to trace the curve-
of /, it is sufficient to connect the commutator to a constant potential-
difference V. The impulses are then proportional to V /, or that is to *,
since V is constant. To obtain the curve v, a constant current from
one or two accumulator cells is passed through the fixed coils, and the
commutator is connected to the difference of alternating potential v.
The impulse is then proportional to I v, that is to v, since I is constant.

The ondograph is especially useful to manufacturers of dynamos,
motors, and transformers; to alternating-current generating stations ;
to makers of high-tension cables, to whom it is important to know the
wave-form of the alternating current to which their cables will be sub-
jected ; and to technical schools, to research and teaching laboratories,
as it renders visible at a glance many facts of which the explanation is
often both difficult and troublesome.
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APPLICATIONS OF THE ONDOGRAPH.

In order that this communication may not be unduly prolonged, we
will aj: once proceed to a description of some of the uses to which the
ondograph has been put with the object of studying or of improving
the working conditions of apparatus designed for the production and
distribution of electric energy.

ALTERNATORS.—Alternators should, in principle, give a sine-curve,
or approximately a sine-curve, as free as possible from higher har-
monics, so as to avoid those resonance effects which are so prejudicial
to cables. The curves reproduced in Figs. 5 to 8 prove that this is far
from being the case. Some of them show the influence of the shape of
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Oerlikon Inductor Alternator ; with two
slots per period per phase, and laminated
pole-pieces.

FIG. 8 (Half-scale).—Monocyclic Alter-
nator working on a Self-induction.

(AC) Difference of Potential.
(A B) Current in the Self-induction.
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the pole-pieces, which introduce the third and fifth harmonics, whilst
others exhibit the effect of the teeth. A careful study of these curves
makes it possible so to alter either the pole-pieces or the number or
shape of the teeth that these objectionable distortions are greatly
reduced. These curves are, of course, of an exceptional shape, and
selected mainly for illustration of the registering qualities of the
ondograph.

REACTION OF THE ALTERNATING-CURRENT ON THE EXCITATION.—
It is well-known that the armature current in an alternator reacts on
the field and produces in it a varied magnetisation, with a frequency
double that of the alternator. This effect is exhibited in Fig. 9, which

shows the potential-differ-
ence between the terminals
of a Siemens alternator
with an iron-less armature,
when working on an induc-
tive-circuit and producing a
current with a lag of about
one quarter of a period.
The wavy line, representing
the exciting-current, would
be straight were it not for
the reaction of the arma-
ture. This effect becomes
more pronounced with an
increasing lag of the current
behind the electro-motive
force of the alternator.

ROTARY CONVERTER.—
Fig. 10 shows the variation

FIG. 9 (Half-scale)—Siemens Alternator
(armature without iron) supplying an induc-
tive circuit:—

Potential-difference (v) = 112 volts;
current (1) = 16 amperes.

Self-induction (air-core) = C0175 henry ;
resistance = 06 ohm.

Frequency = 50 rv> per second.
Machine excited from • accumulators with-
out any resistance in series :—

Exciting current = 23 amperes ; resis-
tance of circuit = 0*4 ohm.

in the difference of potential
between the terminals of a
two-phase rotary converter.
This curve has been re-
peated five times to demon-
strate that the small changes

caused by hunting do not alter the general appearance of the curve.
THE SYNCHRONOUS MOTOR OF THE ONDOGRAPH.—This little motor

works as a variable self-induction motor having a very large difference
of phase, well shown in Fig. 11, which gives the difference of potential
v, and the current i at each instant.

BRUSH MACHINE.—The current given by a very old Brush machine
is shown in Fig. 12, which was obtained by driving the ondograph
direct from the machine with the aid of a flexible shaft. This figure
exhibits the amplitude of the variations in the electro-motive force
caused by the passage of each elementary coil under the pole-tips.
The machine was supplying arc-lamps.

THE DETERMINATION AND RECORDING OF HARMONICS.—It may be
admitted in principle that an alternating wave-form contains all the odd
harmonics with larger or.smaller amplitudes, and zero amplitude for
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those that are absent. The first problem to be solved consists, there-
fore, in discovering the order of the highest harmonic present. Calling
the pulsation of the fundamental wave w (w = 2TT frequency) and the
order of the harmonic n, it is required to determine n, that is to say, to
discover the order of the highest harmonic.

Determination.—The author employs two methods, the one based on
the properties of a circuit having capacity, the other on those of an
inductive circuit.

Capacity Method.—As large a capacity as possible is connected to the

FIG. 10 (Scale i : l).—Difference of potential between the terminals of a
two-phase Alioth Rotary Converter on open circuit. Secteur de Neuilly. Curve
repeated five times.

FIG. I I (Half-scale).—Potential-difference
(v) and Current (/) Wave-forms of the
Onclograph Synchronous Motor.

FIG. 12 (Half-scale). — Current given
by Brush Machine supplying Arc-
lamps.

periodic potential-difference to be analysed, and the curve of the
charging-current of the condenser is recorded by connecting the ondo-
graph to the terminals of a non-inductive resistance included in the
circuit through which flows the charging current of the condenser.
This resistance should be as small as possible. Designating the effective
(r.m.s.) difference of potential corresponding to the nth harmonic V,,,
the corresponding effective current I« for this harmonic may be
expressed thus :—

ln = n w C V«.

Hence, by this method, the »th harmonic is magnified in proportion to
its order n, and an indented curve is obtained in which the number of
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teeth indicates the order of the highest harmonic with the greatest
clearness. Fig. 13, for example, shows very clearly the discovery of
the 15th harmonic in the Sedeurde la Rive gauche, a harmonic that the
sinusoidal looking potential-difference would not have enabled one to
predict.

Self-induction Method.—A circuit, formed of a highly-inductive coil,
having as long a time-constant as possible, and a non-inductive resis-
tance, is connected to the terminals of the difference of potential to
be analysed.

The difference of potential V̂  between the terminals of the inductive
coil may be approximately expressed as follows, if its resistance may be
neglected as compared with its self-induction :—

V j = ma. L . I.

By using the ondograph to record the instantaneous values of the
potential-difference between the terminals of the self-induction, an
indented curve is obtained analogous to that given by the charging-
current of the condenser, and the order of the highest harmonic is
readily deduced from this curve.

Record.—When the order n of the highest harmonic is once known,
it is easy to trace the fundamental wave and all the harmonics with
their several amplitudes, actual or enlarged in a given proportion, as
well as their difference of phase relative to the curve under analysis.

The method employed by the author is that given by Professor
Pupin * in 1894. It consists in forming a resonating circuit for each of
the harmonics, using the recognised relation—

if w2 L C = 1,

with a variable condenser and capacity connected in series and as a
shunt to the difference of potential to be analysed.

If the resistance R of this circuit is sufficiently low, when resonance
is obtained for a harmonic of the order n, the impedance offered by the
circuit to all the other harmonics is considerable, and the current
passing through the circuit is exactly due to the «th harmonic, defined
by the relations—

V« = RI,t ; tan 0 = 0.

With an ondograph that has been calibrated beforehand, the instan-
taneous values of IM can be recorded, and from them V« may be
deduced. In order to make sure of the resonance of the harmonic, a
determination is made of the theoretical value that must be given to
the product L C, corresponding to the frequency ; L and C are then
added to satisfy this; finally, L and C are varied slowly in the
neighbourhood of the theoretical value, until a thermal amperemeter
placed in the resonating circuit indicates the maximum current.

* I. PUIMN, "Resonance Analysis of Alternating and Polyphase Currents,"
Amer. Inst. E.E., May 17, 1694.
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With the aid of the Ondograph this resonance is confirmed by the
amplitude and regularity of the sinusoidal curve, a curve which be-
comes deformed by the interference of the next harmonic.

To show the lower harmonics, of which the amplitude is usually
sufficiently great, the ondograph may be connected to the terminals of
a non-inductive resistance placed in the resonating circuit The curve
traced by the ondograph is in phase with the harmonic.

FIG. 13 (Half-scale).—Charging of a Con-
denser :—

Capacity = 16 microfarads.
Potential-difference = 110 volts.
Resistance in circuit = 20 ohms.

FIG. 14 (Half-scale)—Charging of a Con-
denser (Zipernowsky machine, without
slots) :—

Capacity = 16 microfarads.
Potential-difference = n o volts.
Resistance in circuit = 20 ohms.

FIG. 15 (Half-scale).—Labour Alternator
(old type), with 18 teeth per cycle, Ring.

Potential-difference between the ter-
minals (v) = 95 volts.

Capacity current = ic.
Capacity = 3-5 microfarads.
Resistance in circuit = 50 ohms.

FIG. 16 (Half-scale).—Resonance of
Third Harmonic :—

Capacity = 2-45 microfarads.
Resistance = 6 ohms.
Self-induction = 076 henry.
Frequency = 404 f\J per second.

The sensitiveness would not be sufficient for higher harmonics of
small amplitude. It is therefore augmented by means of a device
which consists in recording the difference of potential between the
terminals of the self-induction instead of between those of a resistance
placed in the circuit. Under these conditions a much greater potential-
difference is obtained, and the curve traced by the ondograph shows
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a difference of phase in advance from the actual harmonic to an extent
defined by the relation—

. L
tan <p = R

In practice, n w L being very large and R comparatively small, tan $ is
also very large, and the curve recorded is thrown out of phase, showing
a lead of a quarter of a period. It is therefore important to keep this
phenomenon in mind when it is desired to reconstruct the fundamental
curve synthetically.

It would also be possible to obtain a record of the higher harmonics
by connecting the ondograph between the terminals of a capacity, in
which case the curve traced would show a lag of a quarter of a period.
It is, however, preferable to connect the instrument between the

FIG. 17 (Scale I : 1).—Gaulard Transformer.

terminals of the self-induction in order to avoid the sparking at the
brushes of the apparatus at the moment when the measuring capacity
is shunted upon the resonating capacity, which charges it too
suddenly.

Figs. 13,14 and 15 relate to the determination of the highest harmonics
of a difference of alternating potential by means of the charging-
current of a condenser connected to that difference of potential. It
will be seen from Fig. 14 that only the third and fifth harmonics are
present, whereas the curve shows the fifteenth harmonic. Fig. 16 shows
the third harmonic resonated, and so accentuated.

Transformers.—Fig. 17 illustrates the variations in the primary
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current of a Gaulard transformer, of which the secondary is connected
through a gradually diminishing non-inductive resistance. The succes-
sive curves show the increase in
the primary current accom-
panying the increase of
charge in the secondary, as
well as the diminution in the
difference of phase.

Fig. 18 relates to an iron-
less transformer. vt is the
difference of potential acting
on the primary circuit; *x is
the primary current rendered
almost completely sinusoidal

FIG. 18 (Half-scale).—Study of an Iron-
less Transformer.

by the influence of self-in-
duction; v3 is the potential-
difference between the ter-
minals of the secondary or open circuit, in opposition to the potential-
difference of the primary.

Electrolytic Rectifier.—Fig. 19 refers to a Nodon valve arranged as a
Wheatstone's bridge and working on a circuit consisting of a simple
resistance, v is the difference of alternating potential supplied to the
valve, and i the rectified current supplied by it. Fig. 20 relates to a
valve feeding a circuit consisting of a battery of accumulators. Curve 1
is the primary potential-difference, and curve 2 the primary current.
Curve 3 is the secondary current as rectified, whilst curve 4 is the
potential-difference between the terminals of the accumulators during

FIG. 19 (Half-scale). — Electrolytic
Rectifier, connected up as a Wheatstone
Bridge, supplying current to a resistance.
Supplied by Secteur Rive Gauche.

N* i
FIG. 20 Half-scale).—Nodon Valve

connected up as a Wheatstone Bridge,
charging accumulators.
1 = Potential-difference of supply.
2 = Current.
3 = Current, rectified.
4 = Potential-difference of accumulators,
r.m.s. current =11 amperes.
Mean current rectified = 9 amperes.
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the charge. From this it will be seen that charging takes place twice
during each period.

It would be easy to multiply the number of curves, showing the appli-
cation of the ondograph to the study of the Wehnelt interrupter, the
continuous-current arc, rectifiers, the oscillatory charge and discharge of
condensers, polyphase currents, the simultaneous record of potential-
difference, current, and power in an alternating circuit, etc., etc. The
author's collection of curves obtained during the last two years
embraces specimens referring to all the above applications, but those
which are here reproduced suffice to indicate the wide scope of the
instrument, and it would be an encroachment upon the hospitality of
the Journal of the Institution of Electrical Engineers to increase still
further the number of the reproductions.

ADDENDUM,

RELATING TO PREVIOUS WORK IN THE SAME FIELD.

The origin both of the stroboscopic method of observation and of
the method by successive points is lost in obscurity. The application
of the latter method to the study of alternators is, however, due to
M. Joubert.* The condenser was applied by the author in 1885 I' *°
the study of the rectified currents obtained from M. Anatole Gerard's
dynamo.

At the meeting of the Societe frangaise de Physique of March 20,1891,
M. G. Weiss stated that he was employing an apparatus to determine
by points, or in continuous fashion, the shape of the wave of a
dynamo, but he failed to describe the apparatus.

M. Blondel, at the meeting of April 17, 1891, claimed to have invented
a recording apparatus with successive contacts, involving the charging
and discharging of a condenser. This apparatus has since been con-
structed and described.I

M. Blondel's apparatus traces the curves satisfactorily, but it repro-
duces them by photographic means, and not by tracing them directly
with ink upon a recording cylinder. Again, the brushes are movable
whilst those employed, by the author are fixed, and the apparatus
requires as many galvanometers as there are curves to be traced,
whilst the author's apparatus uses but one recorder for all the curves.
M. Blondel's apparatus is direct-driven by the generating dynamo,
whilst the author's is driven by a synchronous motor, which allows of
the instrument being rapidly set up at any point in the electric circuit,
and dispenses with the clockwork movement of the stroboscopic
arrangement.

, * J. JOUBERT, " Etudes sur les machines magneto-electriques."—Ann. de
I'Ecole normale supericnre, 1881, vol. 10, p. 151.

#f E. HOSPITALIER, " Les machines acourant periodique et leur mesure."—
L'Elcctricien, December 19, 1885, vol. 9, p. 853.

I A. BLONDEL, " Sur la determination des courbes periodiques des courants
alternatifs et leur inscription photographique."—La Luviicre Electriqtie, 1891,
vol. 41, pp. 401 and 507.
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In Herr F. Drexler's apparatus* the slip is obtained by means of an
asynchronous motor, and the record is obtained by means of sparks.
The slip of an asynchronous motor is, however, too variable and too
great to be employed satisfactorily for direct stroboscopic recording,
and the arrangement does not allow of the exact determination of the
phase-relations of curves traced successively, since the slip is not
kinematically connected with the rotation of the recording cylinder.

Mr. F. A. Laws f replaces the asynchronous by a synchronous motor
and imparts a slight angular retardation to the brushes by rotating them
by means of suitable gearing. The record is still photographic.

The first apparatus tracing an alternating-current curve directly
upon a recording cylinder is that of Professor H. L. Callendar.J This
apparatus is based upon the principle of the potentiometer, and "of
Professor Callendar's well-known relay-recorder with auxiliary motive-
power. The cylinder is rotated by clockwork and the record of a curve
is completed in an hour, whilst the author obtains the same record in
from ten to thirty seconds.

The ondograph differs from the preceding apparatus in that it
traces a continuous curve on a recording sheet without the aid of photo-
graphy or of clockwork, without relay, without rotating the brushes,
and without depending upon the very variable slip of an asynchronous
motor running light.

The author believes the Puissancegraphe (Power-recorder) to be
absolutely new, for he has not found any reference to such an apparatus
in the literature of Electricity.

The PRESIDENT : I am sure we are all very much indebted to our The
friend, M. Hospitalier, for his discourse on the various instruments ICS1 cn "
which lie on the table, and for the experiments and illustrations he has
made. His remarks have been more in the character of a lecture than
a paper for discussion ; but if Mr. Duddell, who has had the opportu-
nity of helping, as he always does with great good heart, in the
translation of M. Hospitalier's paper made by our Secretary, Mr.
McMillan, has something to say, we shall be very glad to hear him.

Mr, W. DUDDELL: I think I am expressing the feelings of this Mr.Dudde
meeting by thanking Professor Hospitalier for coming to England and
bringing his most interesting instrument to show us, and for all the
trouble he has taken in preparing his paper, and more especially for
giving it in English, in our own language. I regret very much that
Professor Hospitalier had to give it us in English. It is our loss that
we have had to ask him to read it in English; but Professor Hospitalier
speaks our language so very much better than I fear myself and many
others of us understand French, that he kindly consented to give the .

* F. DREXLER, " Uber eine neue Methode zur selbstthatigen Aufzeichnung
von Wechselstrom-Curven."—Zeitschrift fur Elektrotechnik, 1896, vol. 14,
part [8], p. 237.

f F. A. LAWS, " An Apparatus for Recording Alternating Current Waves."
—Western Electrician, February 23, 1901, vol. 28, p. 128.

X HUGH L. CALLENDAR, " An Alternating Cycle-curve Recorder."—The
Electrician, August 26, 1898, vol. 41, p. 582.


